27F and 1492R [15] . The PCR product was purified with a multiscreen-filter plate (Millipore) and was sequenced with an Applied Biosystems 3770XL DNA analyser using a BigDye Terminator cycle sequencing kit v.3.1 (Applied Biosystems). A nearly complete sequence was assembled with SeqMan software (DNASTAR). The nearly complete length of the 16S rRNA gene of strain R434
T was 1470 bp. The closest phylogenetic neighbours were identified using the EzBioCloud server [16] . All the 16S rRNA sequences of the closest phylogenetic relatives were retrieved from GenBank and subjected to multiple sequence alignment using CLUSTAL X 2.1 [17] . After multiple alignments, gaps at the 5¢ and 3¢ ends were deleted using the software package BioEdit [18] . Phylogenetic trees were generated using MEGA version 6.0 [19] by using the methods of neighbour-joining [20] , maximum-parsimony [21] and maximum-likelihood [22] . During phylogenetic analysis, evolutionary distances were calculated using the Kimura two-parameter model [23] , and bootstrap values were calculated based on 1000 replications [24] . Preliminary comparisons with the 16S rRNA gene sequences in GenBank indicated that strain R434
T belongs to the family Pseudonocardiaceae. The analysis revealed that strain R434
T was most closely related to members of the genus Actinokineospora, including Actinokineospora guangxiensis Gk-6 T (99.4 % sequence similarity), Actinokineospora soli YIM 75948 T (98.5 %), Actinokineospora fastidiosa IMSNU 20054 T (98.0 %), Actinokineospora cibodasensis ID03-0784 T (97.9 %), Actinokineospora terrae IFO 15668 T (97.6 %) and Actinokineospora auranticolor IFO 16518 T (97.4 %). Actinokineospora enzanensis IFO 16517 T had the lowest 16S rRNA gene sequence similarity (96.0 %) with strain R434
T . A phylogenetic tree based on these sequences and ones with lower similarities is presented in Fig. 1 .
Based on this phylogenetic analysis and 16S rRNA gene sequences, Actinokineospora soli JCM 17695 T , Actinokineospora fastidiosa KACC 16314 T , Actinokineospora cibodasensis DSM 45658 T , Actinokineospora terrae KACC 16718 T and Actinokineospora auranticolor KACC 16713 T were selected for comparative analysis and were used as reference strains for biochemical tests, physiological tests, and analyses of fatty acids, menaquinones and DNA-DNA hybridization.
The morphology of cells (Fig. 2) grown on ISP4 agar for 14 days at 28 C was observed by scanning electron microscopy (S-4800 SEM; Hitachi). Gram staining was performed according to the procedure described by Doetsch [25] . Catalase activity was determined by the production of bubbles with 3 % (v/v) hydrogen peroxide (H 2 O 2 ). Oxidase activity was determined using 1 % (w/v) tetramethyl-p-phenylenediamine dihydrochoride. Growth was assessed on various media, including R2A agar (MB Cell), nutrient agar (NA; Oxoid), tryptone soya agar (TSA; Oxoid), marine agar (Difco), Luria-Bertani agar (LBA; Oxoid), veal infusion agar (Difco), Czapek-Dox agar (Difco), ISP (International Streptomyces Project) medium 2 [26] , ISP medium 3, ISP medium 4 [27] , ISP medium 5 [28] , ISP medium 6 [29] and ISP medium 7 [30] . ISP media were prepared according to the method of Shirling and Gottlieb [31] . Spore motility was observed with a light microscope after culturing on various media (ISP4, ISP2, ISP5 and R2A) for 7-10 days at 28 C. Colonial growth from agar plates was suspended in 0.01 M sodium phosphate buffer (pH 7.0) containing 10 % sterile distilled water and incubated for 30 min at 28 C, and aliquots were then observed by phase-contrast microscope [3, 7] . Growth at various temperatures, 4-50 C (4, 10, 15, 20, 25, 28, 30, 32, 35, 37, 40, 42, 45 and 50 C), was determined on R2A agar plates. The pH range for growth was determined by cultivation at 28 C in R2A broth adjusted to pH 4-12 (at 0.5 pH unit intervals) prior to sterilization using citrate/NaH 2 PO 4 buffer (for pH 4.0-5.5), phosphate buffer (for pH 6.0-7.5), Tris buffer (for pH 8-10) [32] or 5 M NaOH (for pH 10.5-12.0). Growth with NaCl was examined by cultivation in R2A broth containing 0-10 % NaCl (w/v, at 1 % intervals). Hydrolysis of Tween 80, Tween 60 and Tween 40 was assessed according to the method of Smibert and Krieg [33] . Anaerobic growth was assessed by cultivation on R2A agar at 28 C for 10 days in a BBL (Becton Dickinson) anaerobic jar with a GasPak EZ Gas Generating Container (Becton Dickinson). Hydrolysis of chitin, carboxymethylcellulose, hypoxanthine, xanthine, tyrosine, starch and casein was evaluated as described previously [34] . Production of hydrogen sulphide was assessed using sulphide indole motility medium (SIM; Oxoid) [35] . The methyl red and Voges-Proskauer (MR-VP) test was conducted with MR-VP broth [36] . A DNase assay was performed using DNase agar (Oxoid). Other physiological and biochemical tests were performed as described by Shirling and Gottlieb [31] and Williams et al. [37] . The phenotypic features of strain R434
T along with those of closely related type strains are presented in Table 1 .
For the fatty acid analysis, biomass was harvested from strain R434
T and four reference strains after growth for 3 days on TSA plates with incubation at 28 C. Fatty acids were saponified, methylated and extracted using the standard MIDI protocol (Sherlock Microbial Identification System, version 6.0B). The fatty acids were analysed with a gas chromatograph (HP 6890 Series GC System; Hewlett Packard) and identified using the TSBA6 database of the Microbial Identification System [38] . The major cellular fatty acids were iso-C 16 : 0 , iso-C 16 : 1 H and C 17 : 1 !6c. The fatty acid profile of strain R434 T showed characteristics that were different from those of the most closely related strains ( Table 2 ).
The polar lipids and isoprenoid quinone were extracted and analysed from freeze-dried cells as described by Minnikin et al. [39] . Isoprenoid quinone was extracted with methanol/water (10 : 1, v/v; water containing 0.3 % sodium chloride) [40] and petroleum ether at 80 C, evaporated under a vacuum, re-extracted with acetone and analysed by HPLC [39, 41] . The predominant respiratory quinone of strain R434
T was MK-9(H 4 ) (87.9 %) but MK-9(H 6 ) (5.3 %), MK-9(H 2 ) (3.2 %), MK-9(H 8 ) (1.2 %), MK-7(H 4 ) (1.0 %), MK-8 (H 4 ) (0.8 %) and MK-10(H 2 ) (0.6 %) were detected as minor components. The polar lipids were analysed by two-dimensional TLC using chloroform/methanol/water (65 : 25 : 4; by vol.) in the first dimension and chloroform/methanol/acetic acid/water (40 : 7.5 : 6 : 2, by vol.) in the second. Appropriate detection reagents [39, 42] were used to identify the spots as described previously [43] . The major polar lipids were diphosphatidylglycerol, phosphatidylethanolamine, hydroxyphosphatidylethanolamine and an unidentified glycolipid. In addition, two unidentified phospholipids, two unidentified glycolipids and six unidentified polar lipids were also detected in moderate amounts (Fig. S1 , available in the online Supplementary Material).
Cell-wall amino acids and whole-cell sugars were extracted from dry cells and analysed as described by Lechevalier and Lechevalier [44, 45] and Staneck and Roberts [46] . Cell-wall sugars were galactose, arabinose and glucose (Fig. S2) . Cell hydrolysates contained meso-diaminopimelic acid as the diagnostic cell-wall diamino acid (Fig. S3 ).
For DNA-DNA hybridization and determination of DNA G+C content (mol%), genomic DNAs of strains were extracted according to the method presented by Wilson [47] . DNA G+C content was determined according to the procedure described by Mesbah et al. [48] . The DNA G+C content of strain R434
T was 71.6 mol%. DNA-DNA hybridization was measured fluorometrically according to the method developed by Ezaki et al. [49] , using photobiotinlabelled DNA probes and microdilution plates. All the assays were carried out in triplicate. DNA-DNA hybridization of strain R434
T with reference strains showed mean DNA relatedness values of 54.5±2.3 % with Actinokineospora soli, 49.7±1.9 % with Actinokineospora fastidiosa, 27.3 ±2.1 % with Actinokineospora terrae, 29.1±2.7 % with Actinokineospora auranticolor and 33.4±1.2 % with Actinokineospora cibodasensis. DNA-DNA relatedness between the species demonstrated that strain R434
T differs genetically from the type strains of the genus Actinokineospora at the species level [50, 51] .
To determine antibacterial and enzyme-inhibition activities, strain R434
T was cultured at 28 C in R2A broth for 5 days at 180 r.p.m. Then, 5 ml of culture was transferred into a 500 ml flask containing 100 ml of antibiotic-producing medium, 1 % sucrose, 1 % soluble starch, 0. 25 T was centrifuged at 8000 r.p.m. (=11 305 g) for 20 min at 4 C and the culture supernatant obtained was filtered by using a 0.2 µm syringe filter (Whatman) to make cell-free supernatant. Culture supernatants were concentrated using a rotator evaporator and were extracted with an equal volume of ethyl acetate (2Â). The organic layer was collected and dried using a rotary evaporator at 40 C. The residue was dissolved in 1 ml methanol, and 20 µl was added to a paper disc (6 mm, Whatman). Antibacterial activity against Propionibacterium acnes was evaluated on Schaedler agar (Oxoid) by incubating anaerobically at 37 C and against Staphylococcus epidermidis on R2A agar by incubating aerobically at 37 C. Clear zones of inhibition were observed after 24 h. Microbial pathogens were purchased from the Korean Agriculture Culture Collection (KACC) and the Korean Collection for Type Culture (KCTC). The same volume (15 µl) of crude compound was taken to determine anti-tyrosinase, anti-ageing and anti-oxidation activities. Enzyme-inhibition activities were carried out in triplicate according to the literature [52] [53] [54] [55] with some modifications. Strain R434
T was found to have anti-tyrosinase activity (62.7±3.1 % mushroom tyrosinase inhibition), anti-aging activity (26.4±2.1 % porcine pancreatic elastase inhibition) and anti-oxidant activity [66.2±2.7 % 2,2-diphenyl-1-picrylhydrazyl (DPPH) inhibition].
The presence of the minor fatty acid iso-C 15 : 1 G only in strain R434 T (0.5 %), and the percentages of major fatty acids differentiated strain R434
T from other type strains in the genus Actinokineospora ( Table 2 ). Presence of a major unidentified glycolipid and unidentified lipids, and the position of major polar lipids (Fig. S1 ) also clearly differentiated [8] ). All data are from this study unless indicated. Data in parentheses are taken from the literature [3, 5, 6, 8, 10] . +, Positive; W, weakly positive; À, negative; ND, no data available. y, Yellow; py, pale yellow; wh, white; o, orange; g, grey; t, tan; b, brown; pp, pale pink. Nitrate reduction +
Hydrolysis of: T shared high 16S RNA gene sequence similarity with Actinokineospora guangxiensis Gk-6
T . Furthermore, phylogenetic tree analyses (maximum-likelihood and maximumparsimony) showed that strain R434
T formed a distinct lineage among the members of the genus Actinokineospora and between Actinokineospora fastidiosa IMSNU 20054 T and Actinokineospora guangxiensis Gk-6 T ( Figs S4 and S5 ). These results showed that strain R434 T is phenotypically and genotypically different from other type strains. Based on the genotypic, phenotypic, chemotaxonomic and phylogenetic data presented in this study, we conclude that strain R434
T represents a novel species of the genus Actinokineospora, for which the name Actinokineospora acnipugnans sp. nov. is proposed. 
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